REMARKS 

The amendments to the claims do not add new matter. Claim 26 has been 
amended to recite "said assembled bone graft assembled outside the body and suitable for 
implantation into a human patient." The latter portion of the above phrase "suitable for 
implantation into a human patient" has been moved from the end of claim 26 to the 
beginning. Hence, it does not add new matter. The first portion of the phrase "said 
assembled bone graft assembled outside the body" is actually inherent as a result of the 
latter phrase that the "assembled graft" pre-exist outside the body to be "suitable for 
implantation into the body." Further support for the "assembled graft" existing in 
assembled form outside the body is found throughout the specification, including the 
description of each of Figures 2-22, at page 3, line 27 to page 4, line 6, refemng to the 
depicted "assembled implant" according to this invention. 

Separately, each of claims 26-34 has been amended to reflect that the 
allograft bone portions are "machined" to have a predetemiined shape. Support for the 
bone portions of the assembled allograft being "machined" is found throughout the 
specification, including at page 5, lines 25-27 ("The assembled pieces may first be 
machined to desired dimensions and shapes, prior to assembly, the assembled implant may 

be machined, or both."). 

For all these reasons, the amendments to the claims do not add new matter. 

Summary of the Bases for Objection /Rejection 

Claims 26-34 and 60-61 are provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting over claim 79 of copending sister 
application USSN 09/941,154. 

Claims 26-34 are rejected under 35 U.S.C. § 102(b) for allegedly being 

anticipated by U.S. Pat. 5,147,367 (Ellis). 

Claims 61-62 are rejected under 35 U.S.C. § 103(a) for allegedly being 
unpatentable over U.S. Pat. 5,147,367 (Ellis). 
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Claims 26, 27, 31-34 and 61-62 are rejected under 35 U.S.C. § 103(a) for 
allegedly being unpatentable over U.S. Pat. 5,716,358 (Ochoa) in view of U.S. Pat. 
5,147,367 (Ellis). 

Claims 26-34 and 61-62 are rejected under 35 U.S.C. § 103(a) for allegedly 
being unpatentable over EP 0517030 (Siebels) in view of U.S. Pat. 5,989,289 (Coates). 

Each of tliese five (5) bases for rejection is addressed in Sections I-V, 
respectively, which follow. 

I. Obviousness Type Double Patenting 

Claims 26-34 and 61-62 are provisionally rejected under the judicially 
created doctrine of obviousness-type double patenting over claim 79 of copending sister 
application USSN 09/941,154. The Applicants will address this issue at such time as claims 
are allowed in the present application. Applicants are considering cancelling claim 79 in the 
copending application. 

II. 35 U.S.C. § 102(b) over U.S. Pat. 5,147,367 (Ellis) 

A. Ellis does not teach a "machined" portion of bone 

Claims 26-34 are rejected under 35 U.S.C. § 102(b) for allegedly bemg 
anticipated by U.S. Pat. 5,147,367 (Ellis). Each of claims 26-34 has been amended to 
recite as an element that the bone portions of the assembled bone graft are "machined" to 
have a predetermined shape. Ellis simply discloses reattaching a single fractured piece of 
bone to the "adjacent underlying bone mass" from which it originally fractured. [See Ellis 
at col. 4, lines 16-18 ("FIG. 2a depicts a femur 20 which contains a fractured condoyle 201 
and an adjacent underlying bone mass 202."); emphasis added in bold.] Because the bone 
fragment of EUis fractured, it is already the perfect shape to fit the location from whence it 
came. At no time does Ellis disclose machining the fractured bone piece into another 
shape. For tliis reason, claims 26-34 would not be anticipated by EUis. 
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B. Ellis does not disclose an assembled bone graft that exists in assembled 
form outside the body 

Each of claims 26-34 includes as a limitation that the "assembled bone graft" 
be ' assembled outside the body and suitable for implantation into a human patient" 
(claim 26) or that the "assembled bone graft" be "suitable for implantation into a human 
patient" (claims 27-34). hi Ellis, only a single bone portion is shown as a fractured 
fragment. It may be argued that the single fractured fragment exists as a part of an 
assembled bone (but not "graft") inside the body. However, that single bone fragment 
portion never exists in "assembled" fomi outside the body as an "assembled bone graft" 
that is "suitable (in assembled form) for implantation into a human patient." For this 
reason also, claims 26-34 would not be anticipated by Ellis. 

In addition, each of claims 26-34 recites as an element that the "assembled 
bone implant" that is "suitable for implantation in a human patient" include two or more 
"bone portions." In contrast, Ellis only discloses a single bone fragment that is re-affixed 
to the underlying position from where it fractured. The single fractured piece of bone of 
Ellis is never assembled to another poition of bone outside the body so as to be suitable for 
implantation into a human patient. Moreover, as discussed in Section (I)(A) supra, the 
fragment of Ellis is not "machined" to have some predetermined shape. Hence, Ellis 
never discloses the existence outside the body of an "implantable bone graft" comprising a 
machined first bone portion and a machined second bone portion. For theses reasons 
also, claims 26-34 would not be anticipated by Ellis. 

C. Ellis does not teach or suggest a "graft'^ as the term is understood in the 
art 

Clakns 26-34 are rejected under 35 U.S.C. § 102(b) for allegedly bemg 
anticipated by U.S. Pat. 5,147,367 (Ellis), Claims 26-34 are directed to an "assembled 
bone graft. ..." According to the Patent Office, "Ellis anticipates the claim language 
where the bone pieces or bone portions of the same patient are grafted back onto the bones 
they were separated from to form a graft. ..." [Official Action at pages 3-4, citing Ellis 
at ttie figures, the abstract, and colunrn 5, lines 12-56; emphasis added in bold.] The word 
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"graft" never appears in Ellis and it is for a good reason. As a person skilled in die art, 
Ellis knew diat he was not "grafting" when he re-attached a fi-agment of bone to die same 
site from which it fractured. In die bolded language above, die Patent Office acknowledges 
diat Ellis discloses binding die bone back to die location diat it was "separated from," i.e., 
die same location. Also in FIGs 2a-2d and FIGs. 3 and 4 of Ellis, Ellis discloses binding a 
single "bone fragment" to die same (underlying) "bone mass" from which it separated. 
[See Ellis at col. 4, lines 16-18 ("FIG. 2a depicts a femur 20 which contains a fractured 
condoyle 201 and an adjacent underlying bone mass 202."); emphasis added in bold.] As 
support for the Patent Office's position that the separated "bone fragment" of Ellis is a 
"graft " the Patent Office cites to Stedman's Medical Dictionary, 23'"^ Edition (1976) at page 
599 for the definition of "graft" as "anything inserted into something else so as to become an 
integi'al part of the latter." [Official Action at page 4; emphasis added in bold.] 

However, if Ellis is actually disclosing a "bone graft," as alleged by the Patent 
Office, and the source of bone is clearly from the same patient (autogenous), then the more 
relevant definition in the PTO's own authoritative reference (i.e., Stedman's Medical 
Dictionary, the same page is "autogenous bone graft." Under this definition, such a "bone 
graft" comes from "one part of the body to another": 

autogeneous bone graft- a bone g[raft] from one part of the body to 
another. 

[Stedman's Medical Dictionary, 23'^ Edition, (1976) at p. 599; 
emphasis added in bold. 

Because the bone in Ellis is from the same patient, it is clearly "autogenous." However, the 
bone repair described in Ellis, does not satisfy the remaining portion of the definition of "bone 
graft" because the bone is not "from one part of the body to another." One skilled in the art 
recognizes that the graft from one part of the body is a "shaped" piece that is shaped to fit 
another. Because the bone in Ellis has its natural shape and is fixed to its original location, it 
is a repair and not a "bone graft" even as that term is defined in the Patent Office's own 
reference. For this reason also, Ellis is not anticipatory of claims 26-34. 
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III. 35 U.S.C. § 103(a) over U.S. Pat. 5,147,367 (Ellis) 

Claims 61-62 are rejected under 35 U.S.C. § 103(a) for allegedly being 
unpatentable over U.S. Pat. 5,147,367 (Ellis). According to tlie Patent Office, "Ellis 
discloses using 'any number of pins or screws' to secure the bone portions together but not 
the use of 'four' pins as claimed." [Official Action at page 5.] The Patent Office then 
contends that "the use of 'four' pins would have been considered prima facie obvious to an 
ordinary artisan. [Official Action at page 4.] The Applicants respectfully submit that the 
cited reference fails to make a prima facie case of obviousness against the present 
invention. 

As an initial matter, claims 61 and 62 are ultimately dependent upon claims 
31 and 33, respectively. As dependent claims, claims 61 and 62 mcorporate all of the 
limitations of the base claim and any intervening claims. Independent claims 31 and 32 
include as an element "machined" bone portions of "allograft" bone "suitable for 
implantation into humans." [See Section 11(A) supra.] The single bone firagment of EUis in 
not "machined." It is used in its natural shape so as to fit the point of firacture like a piece 
of a puzzle. For this reason, claims 61-62 would not have been obvious over Ellis. 

Separately, in Ellis, the fi:agment of bone tiiat is re-attached to the site fi:om 
which it fractured is "living" bone. One skilled in the art recognizes that the "Uving" 
(autograft) bone of Ellis is structurally different than the "allograft" bone of the Applicants' 
invention, which is processed to be "non-Uvmg" by removal of all foreign antigens and 
living cells, which could evoke an immune response, to render the "assembled bone graft" 
"suitable for implantation into a human patient." [See Exhibit D: Spine School at page 2, 
para.2.] Thus, even if Ellis could be construed as suggesting the use of 4 puis, Ellis would 
not have rendered obvious the Applicants' invention as a whole because Ellis never taught 
or suggested the use of dead and processed bone tissue. 

Finally, Ellis never teaches or suggests a graft that is "assembled" outside 
the body so as to be an "assembled bone graft suitable for implantation into a human 
patient." [See Section 11(B) supra.] Rather in Ellis, the only "assembled bone" exists 
exclusively as part of the body because the main bone mass to which a fi-agment is re- 
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attached is part of the Uving human body. For any one of these reasons, claims 61-62 
would not have been obvious over the disclosure in Ellis. 

IV. 35 U.S.C. § 103(a) over U.S. Pat. 5,716,358 (Ochoa) m view of Ellis 

Claims 26-27, 31-34 and 61-62 are rejected under 35 U.S.C. § 103(a) for 
allegedly being unpatentable over U.S. Pat. 5,716,358 (Ochoa) in view of U.S. Pat. 
5,147,367 (Ellis). According to the Patent Office, "Ochoa discloses bone portions or pieces 
grafted back onto the bones they were separated from ..." [Official Action at page 5, 
citing Ochoa at Figures 4 and 5, and column 6, line 57 to col. 8, line 47; emphasis added in 
bold.] In the bolded language above, the Patent Office acknowledges that Ochoa discloses 
binding the bone back to its original location (i.e., the location that it was "separated 
from"). In the same sentence, the Patent Office admits that Ochoa "fails to clearly 
disclose the use of a plurality of pins as now claimed." [Official Action at page 5; 
emphasis added in bold.] To make up for this admitted deficiency, the Patent Office cites to 
Ellis for allegedly teaching that "it was well known to use a plurality of pins to attach bone 
pieces together." [Official Action at page 5; emphasis added in bold.] The Applicants 
respectfully submit that tlie cited combination fails to make a prima facie case of 
obviousness against the presently claimed invention. 

In particular, each of independent claims 26-27, 31-34 and 61-62 has been 
amended to recite that the two or more bone portions therein are "machined" portions of 
allograft bone. In Ellis and Ochoa, the bone fragment and fragments, respectively, retain 
their natural shape at the interface of the fracture(s), respectively. They are not machined 
to a predetermmed shape. Because, the combination of Ochoa and Ellis fails to teach any 
"machined" bone portions, claims 26-27, 31-34 and 61-62 would not have been obvious 
over Ochoa in view of Ellis. Separately, it should be pointed out for the record that the 
bones m Ochoa are living, although for purposes of clarity, they shown separate from the 
muscle, tendons, veins and arteries. It is the fixation device of Ochoa which is implantable. 
See Claim 1 of Ochoa. 
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Claims 26-27, 31-34 and 61-62 also include the limitation that the assembled 
bone graft, which is comprised of two or more portions of allograft bone, be "suitable for 
implantation in a human patient." To be suitable for implantation in a human patient, the 
"allograft" bone (which is "genetically distinct" as admitted by the Patent Office') is 
processed to remove all living cells, such that it is non-living. [Exhibit D: Spine School at 
page 2, Para 2.] In addition, it has been processed to remove fat and proteins, the latter of 
which would be recognized as foreign and rejected by the graft recipient. Unless 
"allograft" bone is non-living and has been processed to remove foreign antigens (i.e., 
proteins and cells) it would not be suitable for use in humans. In marked conttast, both 
Ochoa and Ellis, as acknowledged by the Patent Office, teach how to re-attach a fracttired 
fragment of living bone back to its original living bone mass. Neither Ochoa nor Ellis 
teaches or suggest the use of "allograft" bone that has been processed (to death) to be 
"suitable for implantation in a human patient." For any and all of these reasons, the 
combination of Ochoa and Ellis would fail to make a prima facie case of obviousness 
against claims 26-27 and 31-34 or their dependents (claims 61 and 62). 

Separately, each of the Applicants' claims is directed to an "assembled bone 
graft" that is "suitable for implantation into a human patient." By use of the adjective 
"assembled," the "assembled bone graft" that is "suitable for implantation in a human 
patient," must exist in "assembled" fonn outside the body of a human patient to be 
"suitable for implanting into a human patient." In contrast, in both Ochoa and EUis, the 
"assembled" bone species only exists in "assembled" form inside and as part of the living 
body of the human patient because it is assembled in vivo. Hence, at no time does Ochoa or 
Ellis teach or suggest an "assembled bone graft" (that exists in assembled fom outside the 
body) so as to be "suitable for implantation into a human patient." For this reason also, the 
combination of Ochoa and Ellis would fail to make a prima facie case of obviousness 
against claims 26-27 and 31-34 or their dependents (claims 61 and 62). 



' "'Allograft' is a homograft (i.e., from the same species) that is allogeneic (i.e., genetically distinct) to the 
recipient." [Official Action at page 4, lines 4-5.]. 
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V. 35 U.S.C, § 103(a) over EP 0517030 (Siebels) in view of U.S. Pat. 5,989,289 

(Coates) 

Claims 26-34 and 61-62 are rejected under 35 U.S.C, § 103(a) for allegedly 
being unpatentable over EP 0517030 (Siebels) in view of U.S. Pat. 5,989,289 (Coates). 
According to the Patent Office, Siebels discloses "an assembled bone implant made by 
assembling separate bone implant pieces together by aligning bores of adjacent pieces;" and 
introducing "pins into tlie aligned bones to hold the implant pieces together." [Official 
Action at page 6.] The Patent Office admits that "Siebels fails to disclose making the 
implant pieces of cortical bone and mentions a preference for fiber-remforced plastic ... or 
carbon-fiber remforced plastic. ..." [Official Action at page 6.] To make up for this 
deficiency, tlie Patent Office cites to Coates, alleging that Coates "teaches that it was well 
known to make similar spinal implants out of allograft or autograft cortical bone because of 
its superior properties in vivo; see the abstract, colunm 2, line 33 to column 3, line 45, 
column 7, lines 18-43, and column 11, lines 42-61." [Official Action at page 6.] The 
Patent Office then concludes that it would have been obvious to make the discs and pins of 
Siebels implant out of cortical bone for the same reasons the [sic] Coates teaches doing the 
same. The Applicants respectfully disagree. 

As acknowledged by the Patent Office, Siebels acknowledges that Siebels 
"mentions a preference for fiber-reinforced plastic ... or carbon-fiber reinforced plastic. . 
. ." [Official Action at page 6.] The mentioned preference for plastic is over metal because 
"the implant does not bring about any scattering of rays, so that the spinal column and the 
adjacent biological tissue can also be examined after the implantation of a spinal-column 
replacement with the help of image-producing methods (CT*, MR*) [Translator's note: CT 
= charge transfer (absorption band of electron-transfer band); MR 4- magnetic 
resonance)." [Translation at page 6.] One skilled in the art recognizes that the referenced 
"scattering of rays" refers to both X-rays and magnetic field lines which would be 
influenced by the presence of a metal implant. Notwithstanding tlie PTO's translation of 
CT as "charge transfer," one skilled in the art recognizes that this translation is erroneous 
and that CT refers to the x-ray technique of "computed tomography" which would be 
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obstructed by a metal implant. Thus, Siebels teaches a preference for reinforced plastic 

over metal implants. 

Coates teaches a preference for cortical bone implants over metal implants. 
In particular, Coates states "bone as an implant also allows excellent post-operative imaging 
because it does not cause scattering like metalHc implants on CT or MRE imaging." 
[Coates at col. 2, lines 63-65; emphasis added in bold.] However, neither Siebels nor 
Coates, alone or in combination, teaches or suggests a preference for the bone of Coates 
over the reinforced plastic of Siebels. Even assuming for the sake of argument that it would 
have been "obvious to try", "obvious to try" is not the test for obviousness. See In re 
Goodwin, 198 USPQ 1 (CCPA 1978) ("However, this court has consistently refused to 
recognize obvious to try rejections. As we have said many times, obvious to try is not the 
standard of 35 USC 103. . ."). 

A. The Combination of Siebels and Coates Fails to Provide a "Suggestion 
to Combine" or a Reasonable Expectation of Success 

In order for an invention to be obvious, "Both the suggestion and the expectation of 
success must be founded in the prior art, not in applicant's disclosure." Amgen v. Chugai, 
18 USPQ2d 1016, 1022 (Fed. Cir. 1991); emphasis added in bold. In the present case, 
Siebels discloses that it was an object of their invention to make an implant that can 
"easily be manufactured for a multiplicity of overall dimensions:" 

Therefore, the objective to develop an implant of the kind mentioned 
at the outset, which can rapidly be implanted and which - from the 
standpoint of manufacturing engineering - can also easily be 
manufactured for a multiplicity of overall dimensions, fonns the 
basis of the [proposed] invention. 

In accordance with the invention, the set objective is 
achieved with the help of the features, cited in claim 1. 

[English Translation of Siebels at page 2, line 20 to page 3, line 1; 
emphasis added in bold.] 

To achieve the "ease" of manufacturing, Siebels relies upon cutting discs out of 
"prefabricated solid or hollow strand." [English Translation of Siebels at page 3, line 7.] 
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Specifically, Siebels discloses that this mode of manufacturing, comprising cutting 
appropriately sized strands made of "fiber reinforced plastic" provides for "manufacturing" 
in an "extraordinarily easy way": 

The disk-shaped implant is preferably made of fiber- 
reinforced plastic [FRP]. In accordance with a preferred 
embodiment of the invention, in order to produce a single-piece 
implant, the disk is cut out of a hollow strand, which consists of a 
multiple number of braiding layers [plaiting layers]. The braiding 
layers, are wound up one after another on a correspondingly 
shaped mandrel [arbor], preferably on a mandrel, having 
rectangular cross-section and rounded comers, directly in a 
braiding machine. The disks are cut off with the desired height, 
which can vary over the disk. Implants of this kind are 
characterized in that they can be manufactured in an 
extraordinarily easy way, in which the fiber orientation equally 
imparts an optimal rigidity and strength to the implant. 

[English Translation of Siebels at page 3, line 22 to page 4, line 9; 
emphasis added in bold.] 

Thus, the heart of Siebel's invention is a prefabricated template that can be cut into directly 
useable slices to produce an implant "in an extraordinarily easy way." By use of the 
adjective "extraordinary," Siebels meant to convey that the disclosed process of 
manufacturing plastic implants was not just "easy" but "extraordinarily easy." 

In addition, the above quote fi-om Siebels teaches that "fiber orientation" is 
important because it "imparts an optimal rigidity." The word "optimal" is a superlative 
and means "most favorable or desirable; best; optimum." [Exhibit G: Webster's New 
World Dictionary, Second College Edition, Ed. Guralnik, Prentice Hall Press, 1986 at page 
999; emphasis added in bold.] Thus, fiber orientation is a necessary element in the 
material used by Siebels to "impart optimal rigidity." 

In contrast to the "extraordinarily easy" method of manufactiiring disclosed in 
Siebels (that provides for an implant having "optimal rigidity"), Coates discloses that 
"developing an implant having the biomechanical properties of metal and the biological 
properties of bone without the disadvantages of either has been extremely difficult or 
impossible." [Coates at col. 3, lines 35-39.] By this statement, Coates teaches that as of 
its filing date (October 1995), cortical bone was not a "traditional orthopedic implant 
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material" for spinal implants. Rather, it was considered "extremely difficult or 
impossible" to provide an implant that had the benefits of both bone and metal without 
their undesired properties. The words "extremely difficult or impossible" are superlatives 
related to difficulty or impossibility. Given this "extremely difficult or impossible- 
setting of developing an implant from cortical bone, one skilled in the art would not have 
been motivated to substitute the "extremely difficult or impossible" cortical bone of 
Coates for the "extraordinarily easy" fiber reinforced plastic of Siebels. Moreover, given 
the teaching in Coates of the "extreme difficulty or impossibility" of developing a single 
piece implant from cortical bone, one skilled in the art would have been even less 
motivated to build an implant assembled from little pieces of cortical bone held together 
with pins, than from the "extraordinarily easy" fiber reinforced plastic of Siebels. 
Moreover, given Coates teaching of the "extreme difficulty" in making even a single 
piece implant from cortical bone, there would not have been the requisite reasonable 
expectation of success that the Applicants' would have been able to make implants 
assembled from little pieces of cortical bone. See Amgen v. Chugai, 18 USPQ2d at 1022. 
For these reasons, claims 26-34 and 61-62 would not have been obvious under 35 U.S.C. § 
103(a) over EP 0517030 (Siebels) in view of U.S. Pat. 5,989,289 (Coates). 

B. The Cited Art Teaches Away from Combining Siebel with Coates 
"A prior art reference may be considered to teach away when 'a person of 
ordinary skill, upon reading the reference, would be discouraged from following the path 
set out in the reference, or would be led in a direction divergent from the path taken 
by the applicant." See Monarch Knitting v. Sulzer, 45 USPQ2d 1977, 1984 (Fed. Cir. 
1998); emphasis added in bold. In the present case, one skilled in the art, upon reading 
Siebels "extraordinarily easy" method for producing an implant having "optimal 
rigidity" due to the fiber orientation would have been led in a direction divergent from 
the "extremely difficult or impossible" path of making a single piece implant from 
cortical bone as disclosed in Coates. Because Siebels led in a divergent direction from 
the path taken in Coates, Siebels taught away from Coates as a matter of law. Monarch 
Knitting, 45 USPQ2d at 1984. It is "error to find obviousness where references 'diverge 
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from and teach away from the invention at hand/" In re Fine, 5 USPQ2d 1596, 1599 
(Fed. Cir. 1988) citing Gore v. Garlock, 220 USPQ 303, 311 (Fed. Cir. 1983). For this 
reason also, the combination of Siebels and Coates would have failed to make a prima 
facie case of obviousness at the time the Applicants' invention was filed. 

C. The Prior Art As A Whole Fails to Teach a Plurality of Advantages 
for the Cortical Bone Implant of Coates 

The Patent Office contends that "Coates teaches that it was known to make 
similar spinal implants out of allograft or autograft cortical bone because of its superior 
properties in vivo." [Official Action at page 6.] The Applicants respectfully disagree. 
Coates teaches that there were numerous difficulties associated widi autograft and 
allograft implants made from cortical bone, including trauma to other sites, sizing, 
slippage, displacement and permanent neural injury to the patient: 

Unfortunately, the use of bone grafts presents several 
disadvantages. Autograft is available in only limited quantities. 
The additional surgery also increases the risk of infection and 
blood loss and may reduce structural integrity at the donor site. 
Furthermore, some patients complain that the graft harvesting 
surgery causes more short-term and long-term pain than die 
fusion surgery. 

Both allograft and autograft present additional difficulties. 
Graft alone may not provide the stability required to 
withstand spinal loads. Internal fixation can address this 
problem but presents its own disadvantages such as the need for 
more complex surgery as well as the disadvantages of metal 
fixation devices. Also, the surgeon is often required to 
repeatedly trim the graft material to obtain the correct size to 
fill and stabilize die disc space. This trial and error approach 
increases die length of time required for surgery. Furthermore, 
die graft material usually has a smooth surface which does not 
provide a good friction fit between the adjacent vertebrae. 
Migration and expulsion of the graft may cause neural and 
vascular injury, as well as collapse of the disc space. Even 
where such slippage does not occur, micromotion at die 
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graft/fusion-site interface may disrupt the healing process tliat 
is required for fusion. 

[Coates at col. 3, lines 10-32; emphasis added in bold.] 

Thus, Coates does teach that there are difficulties associated with implants made from 
cortical bone which are not described for implants made from fiber reinforced polymer 
of Siebels. 

One of the properties to be considered is the ease of manufacmring the implant. 
The ease of manufacturing was discussed both in Siebels and in Coates. Siebels teaches 
that implants made from fiber-reinforced polymer can "easily be manufactured for a 
multiplicity of overall dimensions [sizes]": 

Therefore, the objective to develop an implant of the kind mentioned 
at the outset, which can rapidly be implanted and which - from the 
standpoint of manufacturing engineering - can also easily be 
manufactured for a multiplicity of overall dimensions, forms the 
basis of the [proposed] invention. 

In accordance with the invention, the set objective is 
achieved with the help of the features, cited in claim 1. 

[Enghsh Translation of Siebels at page 2, line 20 to page 3, line 1; 
emphasis added in bold.] 

Siebels discloses that his implants can be made in an "extraordinarily easy way" and 
provide "optimum rigidity" and "strength" to the implant: 

Implants of this kind are characterized in that they can be 
manufactured in an extraordinarily easy way, in which the fiber 
orientation equally imparts an optimal rigidity and strength to 
the implant. 

[English Translation of Siebels at page 3, line 22 to page 4, line 9; 
emphasis added in bold.] 

In contrast to the "extraordinarily easy way" of Siebels, Coates teaches that "developing 
an implant having the biomechanical properties of metal and the biological properties of 
bone without the disadvantages of either has been extremely difficult or impossible." 
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[Coates at col. 3, lines 35-39.] Thus, the material and method used to produce the device 
of Siebels has at least one major advantage ("easily be manufactured for a multiplicity of 
overall dimensions") not found in the implant of Coates. 

The fiber-reinforced plastic and the carbon-reinforced plastic of Siebels is the same 
fiber reinforced plastic and the carbon reinforced plastic disclosed in U.S. Pat. 5,192,327 
(Brantigan) which is attached as Exhibit H and cited in a cofiled IDS. Wlien Coates 
addressed its advantages over the prior art, the advantages were in relation to "metal" 
implants, not the fiber-reinforced implants of Siebels or Brantigan: 

developing an implant having the biomechanical properties of 
metal and the biological properties of bone without the 
disadvantages of either has been extremely difficult or 
impossible. 

[Coates at col. 3, lines 35-39.] 

Coates fails to address or overcome the stated manufacturing advantages associated with 
the fiber reinforced plastic of Siebels, so as to motivate one skilled in the art to disregard 
the ease of manufacturing advantages associated with Siebels. In fact, Siebels states that 
his preferred embodiment imparts "optimal rigidity." [English Translation of Siebels at 
page 3, line 22 to page 4, line 9; emphasis added in bold.] Brantigan also teaches that the 
fiber- and carbon-reinforced plastic polymers, such as "Peek," are "radiolucent," unlike 
metal. [Brantigan at col. 3, lines 9-18.] Coates never addressed or showed superiority 
over the "optimal rigidity" in the implants of Siebel. Coates also never addressed or 
established a manufacturing advantage over the "extraordinarily easy way" in which the 
implants of Siebels are manufactured. Rather Coates taught the opposite, stating that even 
Coates large single piece cortical bone implants were "extremely difficult or impossible" 
to manufacture. 

Both Coates and Siebels teach that their implants have the same advantage 
of being radiolucent versus the radio opaqueness of the prior art metal implants. Siebels 
also teaches that its preferred embodiment, which is a fiber (e.g., graphite) reinforced 
plastic (FRP), has advantages over metals, which are associated with the disadvantageous 
stress-shielding and radio [X-ray]-opaqueness: 
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Preferably the disks are made of a carbon-fiber reinforced plastic 
(CFP) .... The manufacturing of the entire implant of CFP has 
the advantage [over metal] that the implant does not bring 
about the scattering of rays, so that the spinal column and the 
adjacent biological tissue can also be examined after the 
implantation of a spinal-column replacement with the help of all 
image-producing methods (CT*, MR*). 

[English Translation of Siebels at p. 6, lines 10-18; emphasis added 
in bold.] 

Like Coates, Brantigan teaches at col. 3, lines 9-12 that "The implants are preferably 
made of radiolucent material such as carbon fiber reinforced polymers known 
commercially as 'Peek' (polyetheretherketone) or 'ultrapeek' (polyether ketone, ether 
ketone, ketone)." Thus, the implants of Coates and Brantigan each have the same 
advantage of being radiolucent. Thus, the radiolucence of cortical bone of Coates offers no 
motivation to substitute over the already radiolucent polymers of Siebels. 

Further, Coates' arguments at col. 2, lines 54-65 regarding the stress 
shielding caused by the stiffness of titanium alloys (IMGpa) and 316L stainless steel 
(193Gpa) versus cortical bone (about 17Gpa) do not apply to the carbon fiber reinforced 
PEEK (17.8 Gpa), or similar carbon fiber reinforced polyetherketoneetherketoneketone 
(PEKEKEKK) (6.9-29.4 Gpa) or carbon fiber reinforced polycarbonate (4.1-21.4 Gpa) as 
disclosed in Brantigan at col. 3, lines 9-13. [See Exhibit I : from www.matweb.com at 
page 2, line 10 "Flexural modulus".] These fiber-reinforced polymers have a stiffness (e.g. 
17.8 Gpa) that is analogous to the stiffness of cortical bone (about 17 Gpa) and 
substantially less than the stiffness (1 14-193 Gpa) of the recited metals. [These arguments 
apply with equal force regarding the carbon fiber reinforced plastic of Siebels in Section III 
supra.] Thus, the fiber-reinforced plastics of Brantigan (and Coates) do not have the 
disadvantage of "stress shielding" that is associated with metals. Moreover, they have the 
same flexibility modulus as cortical bone. Thus, the advantageous property, lack of stress 
shielding, of cortical bone over metal is not an advantageous property over the fiber- 
reinforced polymers of Siebels. In fact, Siebels teaches that the fiber-reinforced polymers 
of the implants of his invention impart "optimal rigidity and strength": 
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The disk-shaped implant is preferably made of fiber- 
reinforced plastic [FRP]. In accordance with a preferred 
embodiment of the invention, in order to produce a single-piece 
implant, the disk is cut out of a hollow strand, which consists of a 
multiple number of braiding layers [plaiting layers]. The braiding 
layers, are wound up one after another on a correspondingly 
shaped mandrel [arbor], preferably on a mandrel, having 
rectangular cross-section and rounded comers, directly in a 
braiding machine. The disks are cut off with the desired height, 
which can vary over the disk. Implants of this kind are 
characterized in that they can be manufactured in an 
extraordinarily easy way, in which the fiber orientation equally 
imparts an optimal rigidity and strength to the implant. 

[English Translation of Siebels at page 3, line 22 to page 4, line 9; 
emphasis added in bold.] 

By the word "optimal", Siebels means that his materials are the best for strength (due to 
fiber orientation) and rigidity. Coates does not address this teaching in Siebels. Thus, 
Siebels teaches that the fiber-reinforced polymers of his invention have at least two 
advantages relative to the single piece cortical bone implants of Coates: "manufactured in 
an extraordinarily easy way . . . optimal rigidity and strength to the implant." 

While the implant of Coates, which is made of Cortical bone, is stated to 
offer the advantage of remodeling and fiising with the patient's own vertebrae, it is well 
known in the art that cortical bone is so dense that it fiises poorly. It is not osteoconductive 
such that cells and vasculature have a difficult time entering the cortical bone to effect 
remodeling. See . Coates teaches the need to use "bone morphogenic protein" to induce 
remodeling. [Coates at col. 6, lines 19-20.] The prior art teaches that central cavity of an 
implant, such as a metal implant, is packed with cancellous chips or a bone paste that is 
osteoconductive and is readily remodeled so as to fuse with the adjacent vertebrae while 
the support member maintains support. Similarly, the central cavity of the polymer- 
reinforced implant of Siebels (or even the bone of Coates) can also be packed with this 
osteoconductive material (See Fig. 1 of Siebels) to allow a similar fusion that is obtained in 
Coates. Thus, Coates offers very little in the way of advantage over Siebels and the 
knowledge already in the art. Moreover, given Coates admitted "extreme difficulty" in 
producing a single piece cortical bone implant, versus the "extraordinarily easy way" of 
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making the fiber-reinforced plastic implants of Siebels, one skilled in the art would not 
have been motivated to use the "extreme[ly] difficult" cortical bone of Coates to make 
even more difficult cortical bone implants from muUiple tiny machined pieces of cortical 
bone that need to be assembled together and retain the strength and properties. For all 
these reason, one skilled in the art would not have been motivated by "superior properties 
in vivo" (because there is no showing of a plurality of "superior properties") and because 
and minor superiority in a single property is more than offset by the relative ease in 
manufacturing with FRP versus the admitted difficulty with cortical bone. 

For this reason also, the combination of Siebels over Coates would have 
failed to render obvious claims 26-34 and 61-62 of the Applicants' invention at the time 
that the Applicants' invention was made. 
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SUMMARY 

Claims 26-34 and 61-62 are pending and subject to rejection. 

In view of the evidence, arguments and/or amendments herein, the rejection 
of claims 26^34 under 35 U.S.C. § 102 (b) for allegedly being anticipated by U.S. Pat. 
5,147,367 (Ellis) has been rebutted and/or rendered moot. In view of die evidence, 
arguments and/or amendments herein, the rejection of claims 61-62 under 35 U.S.C. § 
103(a) for allegedly being unpatentable over U.S. Pat. 5,147,367 (Ellis) has been rebutted 
and/or rendered moot. In view of the evidence, arguments and/or amendments herein, die 
rejection of claims 26-27, 31-34 and 61-62 under 35 U.S.C. § 103(a) for allegedly being 
unpatentable over U.S. Pat. 5,716,358 (Ochoa) in view of U.S. Pat. 5,147,367 (Ellis) has 
been rebutted and/or rendered moot. Finally, in view of the evidence and arguments 
herein, all bases for rejection of claims 26-34 and 61-62 under 35 USC § 103(a) over 
Siebels and Coates have been rebutted. 

Claims 26-34 and 61-62 are in condition for allowance. Their allowance is 
respectfully requested. 



Respectfully submitted, 

McANDREWS, HELD & MALLOY, LTD, 



By: 




Registration No. 32,167 
Attorney for Applicants 
500 West Madison Street, 34^^ Floor 



Chicago, Illinois 60661 
(312) 775-8133 



Date: August 25, 2006 

J:\open\Djp\Regeneration Technologies\USPTO\i3980US02\Amdt and Reply 1.111 8^06 ,doc 



-22- 



EXHIBIT 
D 



A Patient's Guide to Understanding Bone Graft 



Page 1 of 2 




HOME 



Spine School 
Expert Advice 
Ottier Resources 
Spine News 



Editorial Board 
Privacy Poiicy 
Contact 



Spine School 



Spine Topic 
Quick Search 



Table of Contents 



n print version 



A basic component of any 
spinal fusion is the bone 
graft. Bone grafting is used 
for many types of 
orthopedic procedures that 
require bone to heal. Bone 
grafting is used in two 
main ways during 
orthopedic procedures: 1 ) 
to stimulate the bone to 
heal, and 2) to provide 
support to the skeleton by 
filling in gaps between two 
bones. 



The most common use of 
bone graft is to stimulate 
the healing of bone. The 
bone graft is used similar 
to "fertilizer" that 
'\ stimulates the bone to heal 
' and speeds up the 
process. When bone 
tissue is crushed into powder and placed around a fracture or a fusion site, 
there are chemicals in the bone that stimulate the bone to heal. If the bone 
is taken from the person's own body, there may also be living bone cells 
(called osteocytes) that survive being transferred to the new location and 
continue to go about their business of making new bone. Even bone taken 
from someone else will stimulate bone to heal. Although, bone taken from 
the same person may be better because of the possibility of the bone graft 
having remaining live bone cells during the transfer. 




The second way that bone graft is used is for structure. Rather than crush 
the bone into fine pieces, larger pieces of bone are used to fill a gap 
between two bones. For example, if the surgeon removes a vertebra or disc, 
and has a gap to fill, he may place a chunk of bone graft into the space. 
Because bone is rigid, it will hold the bones apart while the body grows to 
the chunk of bone graft at either end. Over time, the entire piece of bone 
that was grafted will be "remodeled" and replaced by the body with new 
bone. How long this takes depends on how big a piece of bone was used. It 
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is a slow process that may take years. 

Bone taken from your own body is called autograft. Bone graft taken from 
someone else is called allograft. Allograft is usually removed from organ 
donors and placed in bone banks. The bone bank follows procedures 
intended to sterilize the bone graft and performs tests on the bone for 
diseases such as hepatitis and AIDS (just like a blood bank). The bone bank 
then sells the allograft to the hospital that performs your surgery. The cost 
will show up on your hospital bill. 

An allograft can come from many types of bones in many different forms, 
but because it is not taken from the patient, it does not contain any living 
cells and has fewer chemicals to stimulate growth of new bone. The 
disadvantage of an allograft is that it does not always heal as well or as 
quickly as an autograft. However, a bone-growing protein can be added to 
the site to make up for the lack in the bone graft. The advantage is that the 
patient does not have to donate the bone graft, so the surgery is shorter, 
and there may be less postoperative pain. The allograft also carries a risk of 
transferring infectious diseases, although it is rigidly tested. 

Allograft is very useful when the operation will require more bone graft than 
your own body can supply. Some major spine fusions need a lot of bone 
graft and the surgeon may mix allograft with autograft. Some surgeries need 
large pieces of structural bone graft and it would cause a problem in the 
area where the bone was removed if it were taken from your own body. 

There has been a great deal of research to design bone graft substitutes, 
chemicals, and devices that can stimulate the bone to fuse and grow 
together. Electrical current has been known for some time to stimulate bone 
to grow, so many surgeons use electrical stimulation devices during the first 
weeks of surgery to speed up a fusion. Artificial bone graft materials have 
been developed. Sea Coral, harvested from oceans, has actually been used 
as the basis for a structural bone replacement very successfully. 

Demineralized Bone Matrix (DBM) is a type of allograft that is developed 
from cadaver bones in a bone bank. The bone has the calcium removed 
and can be turned into a putty, sheet, or gel. The material can then be 
added to a graft site to improve the fusion. Bone Morphogenic Protein 
(BMP) is an additional material that has been developed recently. BMP is a 
chemical that is added to bone graft and enhances bone growth when it is 
added to a fusion site. 

Your surgeon will try to promote and speed the healing of your spinal fusion 
in a number of ways. The most common approach is to use your own bone 
whenever possible - it seems to be best at getting bone to heal. Allograft 
may be used to reduce your risks of problems with taking the bone graft 
from your body when more bone graft is needed than your body can supply. 

Be sure to discuss the different options with your surgeon. 
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op"? 



ri-xn (ap tish'an) n. [Fr. oplicieri] a person who makes 
•ti'^r :^ optical instruments, esp. one who prepares and 



o( '^'^ies^evegl asses 
d^'.P nerve either of 



the second pair of cranial nerves, 
vy-',. connect the retina of the eye with the brain 
''''Vv\ fiD'tiks) n.pL [unth sing, v.] [< optic] the branch 
^^tphvsjcs dealing with the nature and properties of light 

n^aHapna mol) adj\ [optim(um) + -al] most favor- 
^Kl nr desirable; best; optimum — op'ti-maMy adv 
^^11 niism (-miz'm) n. [Fr. opliniisnte < L. o^U^zu.s, best 
nPTiAiUM)] 1. Philos. a) the doctrine held by Leibmz 
others that the existing world is the best possib e 
doctrine or belief that good ultimately prevails 
. pvil 2. the tendency to take the most hopeful or 
°^ IX\ view of matters or to expect the best outcome; 

on ce of looking on the bright side of things —op'ti-mist 
f^^^^^ Z —op^tbmls'tic (-mis'tik), op'ti-mls'ti^cal adj, 
^^nn'ti-mis'ti-caMy ady. , . t • 

r?f.mize (-mlzO vi. -mlzed', -miz' ng to be given to 
"J mism —vt. to make the most of; develop or realize to 
?}e utmost extent; obtain the most efficient or optimum 

nn tt.muiTi (-mam) n,, pL -mums, --ma (-ma) [L., neut 
nfo^- /mH5. best < ops, power, riches: for base see opus] 
? the best or most favorable degree, condition, amount, 
L 2 Biol, the amount of heat, light, moisture, food, 
^tr most favorable for growth and reproduction —adj^ 
vinqf favorable or desirable; best; optimal 

no tion (ap/shan) n. [Fr < U optio < op tare to ^ylsK 
Lre ult < IE, base -^"op-, to choose, prefer] 1. the 
?rt of choosing: choice 2. the power, right or liberty of 
rhnosing 3. something that is or can be chosen; choice 
r the nght. acquired for a consideration, to buy, sell, or 
lAse something at a fixed price, sign or renew a contract. 
pVc within a specified time —C^vt. Sports to transfer (a 
player) to a minor league with the option of recalling him 
l-^SYN. see choice . 

op'tion-al (-'!) adj\ left to one's option, or choice; not 
compulsory; elective —op'tion.al.ly adv , , , 

on to-e-lec^tron-ics (ap't5 i lek'tranM<s) n^N- a branch 
of electronics involving the use of optical technology — 
op'to-e-lec'tron'ic adj. 

0D*tom-e-ter (ap tam'a tar) n. [see optic & -meter] an 
instrument for determining error m the refractive power 

i>OD^.tom*e-tri^ (-trist) n. a specialist in optometry 

oo.tom-e^try (-tre) n. [see optic & -metry] 1. measure^ 
meat of the range and power of vision 2. the profession o 
examining the eyes and measuring errors m retraction and 
o*f prescribing glasses to correct these defects -™-op-to- 
met-ric (ap'ta metMk) , op'to-met'ri-cal adj. 

op-U'lent (ap'ya lant) adj, [h. opiilentus ov opidens^ '^ Pt^' 
see opus] 1. very wealthy or rich 2. characterized by 
abundance or profusion; luxuriant — SYN. see rich — 
op'u-lence, op'u.len-cy n. -^op'u-Ient'ly atfy. r n u s 

O'pun-ti-a (5 pun 'she a, -aha) n, [ModL, < L. {herba) 
Opuntia, (plant) of Opus, city in Locris, Greece] any oi a 
large genus (Opuntia) of cactus plants with red, purple, 
or yellow flowers, pulpy or dry berries, and fleshy, jomted 
stems, including the prickly pears and choUas 

o-pus (5'pas) n,, pL o-pcra (o'pa ra, ap'ara), o'pus-es 
[L., a work < IE. "^'ops < base '^'op-, to work, riches, 
whence L. ops, riches, Sans, dpas~, work, OE. efnait, to 
work, do] a work; composition; esp., any of the musical 
works of a composer numbered in order of composition 
or publication ^ t - i- 

o.piis-cule (o pus'kyool) n. [Fr. < L. opusciuum, dim. ot 
opus: see prec] a minor work — o-pus'cu-lar adj. 

■O'py (o'pe) same as -opia . ^ r • i 

■iro-quas-sa (o kwas'a) n. [< Oqnassa Lake, m Mamej a 
small trout {Salvelinus oqnassa) of lakes of W Maine 

or^ (or; unstressed ar) con;. [ME., in form a contr. ot other, 
anther, either, but actually < OE. oththe {in ather^ , . , 
oihthe, either , . . or)] a coordinating conjunction intro- 
ducing an alternative; specif., a) introducing the second 
: oi two possibilities /"beer or wine7 b) mtroducxng any of 
the possibilities in a series, but usually used only before the 
last /"apples, (or) pears, or plums7 c) introducing a synon- 
ymous word or phrase /"botany, or the science of plants/ 
d) introducing the second of two possibilities when the 
■ first is introduced by either or whether /"either go or 
stay, whether to go or stay/ e) substituted for etther as 
the first correlative / "or in the heart or in the head ] 
or^ (6r) conj\, prep, [ME. < OE. ar, var, of ssr, ere: cf. ereJ 
[Archaic or Dial.] before; ere ^ . 

(6r) n. [Fr„ < L, aunim, gold: for IE. base see east] 
Heraldry gold or yellow, represented in engraving by small 
dots powdered over a plain field 

"Or (ar; occas, 6r) 1. [ME. -our < OFr. -our, -or, ~eur < L, 



-or, -ator] a n,-fonning sufix meaning a person or thing 
that [inventor, objector] 2. [ME., -our < OFr, < L. -or] 
a n. -forming suffix meaning quality or condition [horror, 
error]: in Brit, usage, often -our 
to^ra (or'a) n. pi. of os- 

or-ach, or-ache (or'ach, ar'-) n. [ME. orage < Anglo-Fr 
or ache < OFr. arroche < VL, "^'atrapica (for L„ atriplex) 
< Or, alraphaxvs] any of a genus (Atriplex) of plants of 
the goosefoot family, widespread in salty or alkaline areas, 
having usuallv silvery foliage and small green flowers; 
esp., garden orach {Atriplex horlensis), cultivated as a 
potherb, chiefly in France 
or-a-cle (or'a k'l, ar'-) n. [ME. < OFr, < L. oracidHm, 
divine announcement, oracle < orare, to speak, pray, 
beseech < os (gen. oris), the mouth: see oral] 1. among 
the ancient Greeks and Romans, a) the place where, ^ or 
medium by which, deities were consulted b) the revelation 
or response of a medium or priest 2. a) any person or 
agency believed to be in communication with a deity b) 
anv person of great knowledge or wisdom c) opinion or 
statements of any such oracle 3. the holy of holies of the 
ancient Jewish Temple: I Kings 6:16, 19-23 
o-rac*u*lar (6 rak'yoo lar) adj. 1. of. or having the nature 
of, an oracle 2. like an oracle; wise, prophetic, mysterious, 
etc. — o-rac'u'lar'l-ty (-ya lar'a te) n. — o-rac'u -lar-ly adv 
o-rad (or'ad) adv, [ < 05 (gen. oris), the mouth + -ad-J 

toward the mouth or oral region 
O^ra-dea (6 rad'ya) city in NW Romania, near the 

Hungarian border: pop- 112,000 . , , 
o-ral (or'al) adj. [< L. os (gen. orts), the mouth < IE. 
base *oz(5-, mouth, edge, whence Sans, d-h, mouth, UN. 
OSS, mouth of a stream] 1. uttered by the mouth; spoken 
2. of speech; using speech 3. of, at. or near the niouth 
4, Phonet. having mouth resonance only: distinguished 
from NASAL 5. Psychoanalysis a) designating or of the 
earliest stage of psychosexual development in which 
interest centers around sucking, feeding, and bitmg 
b) designating or of such traits in the adult as fnencllmess, 
generosity, and optimism or aggressiveness and pessimism, 
regarded as unconscious psychic residues of that stage: 
cf. ANAL, GENITAL 6. ZooL 0X1 OT of the Same side as the 
mouth — tVn. an examination that is oral and not written, 
as in a college — o'raMy adv.. ^ • i r 

SYN. — oral refers to that which is spoken, as distinguished Irom 
that which is written or otherwise communicated / an ora/ promise, 
request, etc,7; verbal, though sometimes synonymous with oral, 
in strict discrimination refers to anything using words, ^either 
written or oral, to communicate an idea or feeling / a verbal image, 

oral history 1. historical data consisting of personal 
recollections, usually in the form of a tape-recorded inter- 
view 2. the gathering and preservation of such data 

o-ral-ism (dr'al iz'm) n. the theory or practice of teaching 
the deaf to read lips and to speak — o'ral-ist adj., n, 

0*ran (o ran'; Fr. o ran') seaport in N Algeria, on the 
Mediterranean; pop. 430,000 

o-rang (6 rar)', a-) n„ sa?7te as orangutan ,.,11 j 

Or-ange^ (or'inj, ar'O ruling family of the Netherlands: 
see Nassau —adf. of or having to do with Orangernen 

Or-ange'-^ (or'inj, ar'^; also, for 3 4, Fr. o rs^nzhn I- 
[prob. after the orange groves there] city m bW Caht.: 
suburb of Los Angeles: pop. 92,000 2. nver m South 
Africa, flowing from NE Lesotho west into the Atlantic: 
c 1,300 mi. 3. former principality of W Europe, now m 
SE France 4. city in SE France: pop. 21,000 

or-ange (or'inj, ar'-) n. [ME. < OFn ore^tge < Vr. aiiranja 
(with sp. influenced by L. auriun, gold & loss ot imtiai n 
through faulty separation of art. un) < Sp, naranja < Ar. 
ndranj < Per. ndrang < Sans, naranga, prob. akm to 
Tamil nam, fragrant] 1. a reddish-yellow, round, edible 
citrus fruit, with a sweet, juicy pulp 2. any ot van9us 
evergreen trees (genus Citrus) of the rue family producing 
this fruit, having white, fragrant blossoms, often carried 
by brides, and hard, yellow wood 3. any of several plants 
or fruits resembling the orange 4. reddish yellow —adi, 
1. reddish-yellow 2. made with or from orange 3. having 
a flavor like that of oranges — or'ang-y (-in je) adj, ^ 

or-ange-ade (-ad') n. [Fr.: see orange & -ade] a drmk 
made of orange juice and water, usually sweetened 

Orange Free State province of South Africa, west ot 
Lesotho: formerly a Boer republic (1854-1900) & then 
a Brit, colony (Orange River Colony, 1900-10): 49,866 
sq. mi,; pop. 1.387,000; cap. Bloemfontem 

■erorange hawkweed same as devil's paintbrush 

Or^ange-ism (or'inj iz'm, ar'-) n. the principles and 
practices of the Orangemen x r r 

Or.ange-man (-man) n„ pU ^men (-man) [after the 
Prince of Orange, later William III] a member of a 
secret Protestant society organized m N Ireland (1/95) 

orange pekoe a black tea of Ceylon and India: see pekoe 

or-ange-ry (Sr'inj re, ar'-) n., pL -ries {¥x, or anger le < 
oranger, orange tree < orange] a hothouse or other sheltered 
place for growing orange trees in cooler climates 

T^r orange stick a pointed stick, orig. of orangewood, used m 
manicuring 
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[57] . ABSTRACT 

Surgical prosthetic modular implants used singularly or 
stacked together are provided to support and fuse to- 
gether adjacent vertebrae or to totally or partially re- 
place one or more vertebrae in a vertebral column. The 
implants are rigid annular plugs, dimensionally similar 
to normal vertebral bodies, have simplified oval or 
hemi-oval shapes with ridged faces to engage.adjacent 
vertebral bodies to resist displacement and allow bone 
ingrowth and fusion and to interdigitate with the ridges 
of an adjacent plug for modular stacking to allow vari- 
ability of ultimate implant height. The implants can be 
provided in sets of different thicknesses and are inter- 
nally grooved to receive an upstanding connecting bar 
to bind together the individual stacked implants into a 
stable unit. The annular implants have ample spaces to 
allow ingrowth of blood capillaries and packing of bone 
graft and are preferably made of a radiolucent material, 
preferably biocompatible carbon fiber remforced poly- 
mers or are alternately made of traditional orthopaedic 
implant materials such as nickel, chromium, cobalt, 
stainless steel or titanium. 

, 14 Claims, 3 Drawing Sheets 
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bottomed on the hard bone faces or end plates of adja- 
SURGICAL PROSTHETIC IMPLANT FOR cent vertebrae and are generally oval shaped to con- 

VERTEBRAE form with the general outline perimeter of the verte- 

brae. They are also provided in partial (preferably hemi- 
BACKGROUND OF THE INVENTION 5 oval) annular shape to accommodate those surgical 

1. Field of the Invention procedures where only a portion of the vertebrae or 
This invention relates to inert'rigid vertebral pros- disc is damaged. Two such herai-oval rings can be used 

thetic devices and methods for implanting the devices in the posterior lumbar area in side-by-side relation 

between adjacent vertebrae to treat or prevent back or since the dural sac and nerve roots must be retracted to 

neck pain in patients with ruptured or degenerated each side in turn as the implant is placed on the opposite 

intervertebral discs and for replacing vertebral bodies side. In an anterior fusion since the entire front of the 

damaged by fracture, tumor or degenerative process. disc space is exposed, a single piece implant can be used 

Specifically, the mvention deals with ring-like pros- making the oval an advantage in this area, 

thetic plugs or discs used singly or stacked together The periphery of the oval ring is grooved to accom- 

between vertebrae to form -support sturts in the spinal modate ingrowth of blood capillaries and the open cen- 

column and having rigid surfaces facilitating anchoring tral portion of the ring is preferably packed with bone 

and providing valleys for bone ingrowth from adjoining gj-^ft material to facilitate bone ingrowth. Bone graft 

vertebrae. The rings are bottomed on the opposing end ^ ^^^^ packed in the grooves, 

faces of adjoining vertebrae, are preferably oval shaped ^^^^ ^^^1 implants is sized to match the height 

with medial-lateral and anterior-posterior dimensions in 2U average disc and thus, can vary from 10 to 15 mm 

the same ratio as normal vertebral bodies, are suppHed ^^^^ f^^^ 7_jj ^ the cervical 
in different heights to be used individually to replace a 

single damaged intervertebral disc, have ridges to bite simplifies the surgical procedure since 

into the vertebrae or to interdigitate to t>e securdy rotated or reversed and still fit the vertebrae, 

stocked togethertotheexactheiptrequired at the to^ 25 ^ ^ 

of surgery, have slots and hollow areas for packing * ^^^^^^t ^^i,+t„ Z;^ 

bone grafmaterial, tool receiving means, and ^e pref- ™ which wdl cause the vertebrae ^oUgh^^^^ 

crably radiolucent to allow visiilization of the bone ^« ^^^^^ bottomed If the disc columnar 

healing postoperatively. tissue is preserved, a cut preferably Z -shaped, can be 

2. Description of the Prior Art 30 made m the columnar fibrous tissue, the mtenor pulpus 
While many types of vertebral prosthetic devices material of the disc removed, and the ring implant in- 

have been proposed, the success ratio has been very low serted through the cut to be bottomed on the adjoining 

and the surgical procedures have been very compli- vertebrae and surrounded by the disc tissue, 

cated and traumatic to the patient. The surgical implant To accommodate a myriad of different heights be- 

devices and methods covered in my U.S. Pat. Nos. 35 tween vertebrae on which the prosthesis ring is to be 

4,743,256; 4,834.757 and 4,878,915 have greatly im- bottomed, the rings can be supplied in sets of different 

proved the success rate and have simplified the surgical heights to be stacked to the exact height required for a 

techniques in interbody vertebral fusion. In the prdce- particular surgical implant. For example, in the cervical 

dures covered by these patents, biologically acceptable spine, cervical corpectomy is often required for cervical 

but completely inert strut plugs are bottomed in chan- 40 myelopathies in which large bone spurs cause spinal 

nels or grooves of adjoining vertebrae and receive bone cord pressure. An average grafting height is 30 mm 

ingrowth which quickly fuses the structure to the bone after corpectomy and this can be achieved by stacking, 

and forms a living bone bridge across the fusion area. f^j. example, three 10 mm high oval implants. 

The present invention now further improves this art ^jjg treatment of thora columbar fractures, hemi- 
of interbody fusion vwthout cutting grooves or channels 45 corpectomy is often done followed by grafting. Place- 
in the vertebrae and is especially well suited for anterior ^^^^^ stacked hemi-oval hnplants in the hemi-corpec- 
cervical and lumbar fusion. The invention provides tomy area provides solid structural weight bearing. The 
ring-like prosthesis plugs or discs bottomed on end faces ^.g-sected vertebral bone is packed into the implant so 
of adjoining vertebrae and constructed and arranged so harvesting of additional bone grafting can be 
that they can be used singly or stacked pluraUy to ac- 50 ^^^jjj^ 

commodate individi^ surgical requirements. The rings ^ the treatment of vertebral ttmiors, the stacked oval 

can replace excised di^s and vertebri^ and can also be ^ ^^^^^ ^.^^ ^^^^^^ ^^^^ 

mounted mside the fibrous disc column comiectmg ^ providing a permanent mechanically 

adjoining vertebrae. The annular umts are preferably ILtTJ^ 

oval or partial oval shaped preferably hemioval. to 55 seci^e repair with hvmg tissue. 

conform with vertebral^ shapes, have ridged or . ll^e mvention now f J^^^^^^^^^^ 

peaked surfaces for biting into the vertebrae on which ^P^^* <^«vices smtable for antenor, posterior or lateral 

are seated and for receiving bone ingrowth in placement m any ar^ of the spme requiring replace- 

vaUeys between the peaks. When stacked, an interior ^^^^ «^ ^r vertebral body. Smce the implants are 

connecting bar can be provided to lock the components 60 ^tended to bottom out on adjacent vertebral end faces 

in fixed reladon and cooperate with intcrfitting ridges. which preferably have been prepared by fiattemng with 

a burr drill, removing cartilaginous material and 

SUMMARY OF THE INVENTION stretching the annular fibrosis so that the vertebrae can 

According to this invention, biologically acceptable, tightly grip the plug, the plugs can be inserted either 

but inert rigid annular prosthesis units are provided to 65 anterioriy, posteriorly or laterally into the vertebral 

support and fuse with adjacent vertebrae m both the column while mounted on the end of an insertion tool, 

cervical, thoracic spine and lumbar portions of a human The ring devices have ridged surfaces providing mul- 

vertebral column. These ring-like prosthetic devices are tiple purposes of gripping the vertebrae to resist expul- 
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sion. forming vaUeys to facUitate bone ingrowth, and to In FIG. 1, flie reference numeral 10 designates gener- 
matching interdigitate with each other for stacking. aUy a vertebrae prosthesis device of this mvenUon com- 
An upstanding longitudinal connecting member fiU posed of rigid biologically acceptable and macti ve ma- 
in interior grooves in the ring and cooperates with the terial, preferably a radioluc«it pJ^f i^^^^f 1' J 
ridges to prevent separation of stacked implants in 5 -^etal and the hke ^ descnb«i above. TOe d^^^^ 
every direction except in longitudinal height. Since the an oval rmg plug 11 generally shaped and sized to con- 
toptants^TSS-mpr^ssion betwL the verte- 

bid bodies, they camiot come apart after implantation. a vertebrd coluiM. The plug oppo^ sid« Ua 

ThVhnptots arc preferably made of radiolucent ma- and ends 11*. fla^ ndged top bottom Jc^ M^ 

terial such^ .carbo^ fiber reLforcedpolyme^ 10 ^^^i Zt^^^ 

commercially as "Peek", (polycthercther ketone) or . !r T^^^^ Tireferablv extcndhg 

-Uitrapek" (polyether ketone ether ketone, ketone). " Je^ /i' a^d c^^S^^^^ 

Alternately, polycarbonate, polyprophylene, polyethel- ^^^i^^^ ^mmxxui » 

yene and polysulfone type plastics material filled with • longitudinally across the end 

glass or carbon fibers can be used. Such maten^s are ^ ^ ^^1^ j2a 

supplied by ICI Industries of Wilmmgton, Del; Fiber- S^'^' ^^''j^ nb and provide valleys 12c 

Rite Corporation of Wmona, Mmn. or BASF Corpora- ^^^^^ side wSlTThe valleys 12c open at the ends 

Preferred best mode embodiments of the invention ^ ^^^e^de^^flf/of^^^ 11 has an internally 

are illustrated in the attached drawmgs m which: threaded hole 13 extending partially through the wall 

FIG. 1 is a top and side perspective view of a Mi oval receiving a mounting tool as hereinafter described, 

prosthetic device according to this invention; interior faces of the side walls 11a also have 

FIG. 2 is a top and side perspective view of a henu- ^jpstanding open ended vertical grooves 14 preferably 

oval prosthetic device of this invention; fragmental cylindrical configuration. These grooves 

FIG. 3 is a top and side perspective view of a con- provided for mounting a rectangular connecting bar 

necting bar fitting the illustrated grooves in the devices shown in FIG. 3. This bar 15 has flat side faces ISa, 

of FIGS. 1 and 2 to hold a plurality of the devices in rounded side edges ISb to snugly fit the grooves 14 and 

stacked relation; top and bottoni end edges 15c which are provided with 

FIG. 4 is a top and side perspective view of a stack of ^^^^^ that conform with the ridges 12 of the plug 10. 

the devices of FIG. 1 with the connecting bar of FIG. 'YhuSt these ridges 16 have oppositely inclined sides 16a 

3 in place; converging to peaks 16^ and providing valleys 16c 
FIG. 5 is a top and side perspective view of a stack of therebetween. The peaks and valleys of the ridges on 

the devices of FIG. 2 with a connecting bar like FIG. 3 the ends of the connecting bar 15 are aligned with the 
in place; 35 peaks and valleys of the ridges on the top and bottom 

FIG. 6 is a view similar to FIG. 1 but illustrating a f^^^es 11c of the plug 11 when the bar is seated in place 

modified device with an integral cross bar; in the grooves 14. 

FIG. 7 is a side view showing a tapered device of this ji^q connecting bar 15 has a height conforming with 

invention; the total height of a stack 17 of plugs 11 shown in FIG. 

FIG. 8 is a side view of the stack of devices of FIG. 40 4 ©r with only a smgle plug 11 if a stack of plugs is not 

4 showing how the ridges interdigitate when stacked; necessary. As shown in FIG. 4 three plugs 11 are 
FIG. 9 is a view similar to FIG. 8 but showmg a stack stacked together with the ridges 12 of the intermediate 

of tapered devices of FIG. 7 with the center device plug nested in and interdigitating with the ridges of top 

rotated 180* to form a vertical stack with end faces and bottom plugs. These ridges interfit to provide a 

tapered in the same direction. 45 stable stack and the connecting bar 15 seated in the 

FIG. 10 is an clevational view of a portion of a verte- aligned grooves 14 of the three plugs will prevent shift- 

brae column showing a two stack assembly in an ex- ing of the stack. The end faces of the bars 15 will then 

cised disc space between adjacent vertebrae and the have their ridges 16 aligned with the ridges 12 in the 

manner in which a disc can be cut to receive a device of exposed end faces of the top and bottom, plugs 11. 

this invention. 50 The central aperture lid of each plug 11 is separated 

FIG. 11 is a sectional view along the Ime XI— XI of by the bar 15 into two side-by-side chambers which are 

PIG. 10; easily packed with bone graft material to expedite the 

FIG. 12 is 8 longitudinal view of a portion of a verte- fusion of the prosthesis device in the spinal column. In 

bral column, with parts m section and broken away to addition, the slots lie in the ends 116 of the plugs can 

show the manner in which a stack of the devices is used 55 receive bone graft n^terial and also provide free spaces 

to replace partially damaged discs and an intermediate for blood flow to speed up the fusion process, 

vertebrae portion; A modified hemi-oval device 20 is illustrated in FIG. 

FIG. 13 is side diagrammatic view showing the inser- 2 for usage in partial corpcctomy operations and also 

tion of a device of this invention in a disc space with the for use in spaced side-by-side relation when an interme- 

aid of a mounting tool. 60 diate nerve space is needed. The device 20 is a one-piece 

FIG. 14 is a view similar to FIG. 13 illustratmg the plastics material or metal plug 21 of generally hemi-oval 

manner in which a fork-like tool can have tines mounted shape with opposed side walls 21a, a rounded oval end 

in a pair of holes in the device. wall 21b, a flat opposite end wall 21c and a central 

FIG. 15 is a line diagram illustratmg the manner in aperture 21d, The top and bottom faces 21e of the plug 

which the ridges of the plugs have side walls diverging 65 21 are ridged in the same manner as the plug 11 thus 

at the same angles from the peaks to provide interdigi- providing longitudinal ridges 22 with inclined side walls 

teting or complimentary mating or nesting projections, 22c, peaks 226 and valleys 22c. The end walls 216 and 

As shown on the drawings: 21c have the same slots 21/as the slots Ue of the plug 11 
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and an end wall 21a has the same tool receiving recess brae are wider at one end than at the other. The ttse of 

TJthenluB 11 the tapered plugs eliminates some of the gnndmg of the 

trtemal KTOoves 24 are provided in the inner faces of end faces of the vertebrae that may be needed for a 

the en™wK?«Kl 21c of the plug 21 to receive a good matching of the ridges with the vertebrae feces^ 

^M«:ting bar such as 15. This bar however will divide 5 As shown in FIG. 10, a portion of a human vertebral 

STS^d aperture of the plug 21 in a longitudinal column 50 has adjoining vertebrae 51 and 52 f„«d ^o- 

inst^ of a ransverse direction as illustrated for the itS^-rSS^S^.^I^s?^^^^^^^^ 

As shown in FIG. 5 the plugs 21 form a stack 25, in the disc space 54 between the vertebrae 51 and 52 and 

theWeZ^erastheplu^llinthestacklTofFIG. ID the top ridges 12 of the stack are bottomed on «idb^^^ 

4 ^Tthe sanie type of connecting bar 15. into the bottom face or hard end plate of the upper 
S S2I of FIGS. 1 to 5 may vary in vertebrae 51 while the bottom ridges 12 of the stack «^e 

thicknJ^orheighttosuitconditionsandinthestacksof bottomed on and bite into fte upper face ^r ^ »^ 

HGS. 4 and 5, plugs of different thicknesses or heights plate 52a. The peaks m of Uie ndges 12 firmly anch^^ 

c^hc stacked together to provide the desired overall 15 the stack to the vertebrae but do not penetrate through 

foTS Stton of these plugs may thus the hard faces 51. and 52a of the vertebrae, "ne v«dleys 

SoDhed so that the surgeon can easily end up with a 12c are exposed to the vertebrae faces and receive bone 

SrSThrrSS St to fit the patient. The ingrowth from the vertebrae during the post-operanve 

leneths or heights oifthe connecting bars 15 can also be fiision. , . ^. , . j f,„„ 

5 to suit conditions or can be ground down at the 20 As shown all of the disc has been removed from the 
^If tiie citation to match theTtack. disc space 54 and the stack 53 mamtams the disc space 

The ridees on the exposed end faces ofthe stacks of at its normal height. . , .. -em 

plu^wuStomonthrhardendfacesorendplatesof As shown in HGS. 10 and 11, a vertebral disc 5^^^^^^ 

Ljfcent vertebrae and the apices or peaks 21b and 22g the disc space 5« between tf e^j^^*"^ « ^^^^^^^^^^ 

of these ridges will fmnly engage and bite into these 25 vertebrae57ofthe vertebrd column M. A Z-shap^^^^ 

&cS to prevent sUppage In addition, the valleys 12c 58 through the tubular fibrous fo^'O" of the disc 55 

and 22c ^tween the ridges serve as gaps or troughs to provides access to the mtenor pulpus pc^rtion of the disc 

freely receive bone ingrowth from the adjacent verte- permittmg its removal to receive a ""gle Plug 11 fom- 

irewy it^i 6 ^ jjjjj column of disc fibers 55fl 

The individual plugs or the stack of plugs can be 30 which remain attached to the bottom face 526 of the 

int^uced anteric^lyflaterally or posteriorly depend- upper vertdirae 52 Ae top^57a of he towe 

ing upon conditions and the tool receiving recesses 13 vertebrae 57. As illustrated, the peaks 126 °f J^e «dges 

Md 23of the pluRS 11 and 21 can thus be positioned to 12 on the top and bottom faces of the plug 11 bite into 

mitihe pSrtcZ JJ^^Jf Lertion into Z vertebral the faces 526 and 57a and the valleys 12c l-tween fte 

ro^mn 35 peaks are openly exposed to these faces of the verte- 

Instead of Drovidmg a separate bar or plate 15, as brae. „,,„ ■ ,.j 

showL FIG I a m<^ified device 30 of this invention As better shown m FIG. 11. the hollow mtenor IW 

L Hug 31 of aie same oval shape as the plug 11 of and the slots Ue of the plug 11 are packed with bone 

HGS 1 imd 4 but the reinforcing bar 32 of this plug is graft material 58 which can be conveniently harvested 

integral with its side walls 31a. The hollow interior 23 40 from the iliac crests of the P^'fnt's pelvw bone 

ofle plug 31 is thus bisected by an integral internal FIG. 12 illustrates a cervical portion 60 of a hu^ 

nariition 32 forming a pair of side-by-side apertures vertebral column havmg an upper vertebrae 61. a mid- 

Cgh the liuSted to receive bone graft Material. die vertebrae 62 and a bottom vertebrae 63 with a stack 

A plug siS to M can also be provided in a hemi- 25 like FIG. 5 but composed of four plugs 21 implanted 
ovd shaL. The plugs with the integral dividing bar-are 45 to support the column. As shown, the top and bottom 

Sably used sLly but also can be stacked and inter- vertebrae 63 remain intact white the middle vertebrae 

Eted b^^eL ridees 62 has been partially excised. The four hemi-oyal plug 

K plu Js ll721 a^d 31 of FIGS. 1. 2 and 6 are uni- units 21 are interdigitated together trough the^ ndges 

fom in tmckiL or^^^^^ across their length. 22 and a bar 15 such as sho>j^ m FIGJ ^ ^oW fte 

In a further modified device 40 shown in FIG. 7, the 50 units in an upngh column. "^^^l^^^^^ 

plug 41 is tapered to be higher or thicker at its anterior been partially excised to r«:eive flie stack 25 but ftenr 

Kan at ite posterior end. The plug 41 has ridged top remaining tissue is anclior«i to their «dj««;»^^vertebrae 

md Attorn fa.^ 42, the same as the plugs of FIGS. 1-6 The bottom face 61a of the upper vertebrae 61 and 

Sd atool receiving recess 43 is provided in its higher or the top face 63a of the bottom vertebrae 63 a^e parti^ly 
tadlke end By way of an example, the trailing end 55 penetrated by the peaks of the ndges of tihe top and 

SS^i lTnS^m^gS Zilethele;iingendr^^^ bottom plugs 21 to fimction as descnbed above. AJso 

ta9nmtehSeht the hoUow interiors of the hemi-oval plugs 21 and then: 

In the stacking of plugs, each of which have uniform slots 21e are fiUed with bone graft material 66. 

hdJi?or thicknL sLh as shown at 11. 21, and 31, the During surgery, the spmal oolumn js tmched to 
E for the mounting tool can all be aligned on one 60 regain any lost disc space caused by hermation of the 

ridfof the Stock as illustrated in FIG. 8 but, a; shown in discs. This stretches the remammg disc tissue and as 

KG 9 Ae foSig of a stack 44 of tapered plugs 41 illustrated in FIGS. 13 and 14, the plugs of this mven- 

ridre^displacemeitofthecentralormiddleplug 180' tion such as the plugs 11 or a stack of he plugs^ are 

^mthe end plugs in order that the stack will have a inserted into the opened up disc space such as 70 be- 
ScS «^mS Lto^. The ridged fac« 42 of the 65 tween adjacent vertebrae 71 and 72, either ^tenorly 

toner^ plSes 41 wiU interdigitate and the exposed end laterally or postenoriy while mounted on a tool 73 

£ of th Je ridS^Sl^ Llined or taper^ to suit having a single end 73a threaded mto the mterndly 

Is apS^c^SfinVpaces where the adScent verte- threaded hole 13 of the plug 11 as mustratedmHG. 13. 
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Alternately, the plug It, as Ulustrated in FIG. 14 may height effective to provide a strut between the verte- 

have a pair of side-by-side holes ISa receiving the tine brae maintaining a desired disc space. 

end 74 of a modified tool 75. 8. A surgical prosthetic device adapted for fusmg 

Tools such as 73 and 75 may also be replaced with together adjoining vertebrae in a vertebral column 

other gripping tools which do not require amounting 5 which comprises a rigid inert annular plug sized and 

apertures in the end faces of the plugs. shaped to fit opposed end faces of vertebrae in a verte- 

As better shown in the Ime diagram of FIG. 15 the bral colunm and having top and bottom faces with 
ridged faces such as 12 of twos stacked plugs such as 11 peaks adapted to bite into the end faces of the adjoining 
of FIG. 1 have equally mclined side wails 12a diverging vertebrae and valleys between the peaks to receive bone 
from sharp peaks 126 at a relatively wide angle A to 10 ingrowth; said plug having a height effective to provide 
prevent formation of thin narrow fmgers or teeth that a strut between the vertebrae mai nt ai nin g a desired disc 
could break off and narrow valleys that could block space, and said height of the annular plug being suffi- 
bone mgrowth. An angle of at least 30M5* is preferred ^ient to stretch a annulus fibrosis tissue of a disc con- 
to provide wide ridges and open valleys. necting the adjoining vertebrae to maintain a desired 

From the above descriptions, it will understood that 15 ^ height and provide snug grippmg of the plug with 

this invention now advances the art of vertebral column f^^jes of the adjoining vertebrae, 

surgery and provides prosthetic devices used smgly or 9^ -x^^ surgical prosthetic device of claim 8 wherein 

stacked to desired heights, which fit the disc spaces ^nd bottom faces of the plug have diverging 

between adjacent vertebrae, bottom on and bite into the equally slopmg side walls converging to sharp peaks 

vertebrae faces without penetrating the hard surfaces 20 ^^^i ^datively wide valleys between the peaks and said 

thereofand have ample chambers for ingrowth of blood ^j^j^ ^Qjjg adapted to nest together to hold adjacent 

capillaries and bone graft material to expedite bone ^^^g^ in alignment. 

ingrowth during a post-operative period. The devices jq ^ surgical prosthetic device adapted for fusing 
do not require anchoring screws or penetration through together adjoinmg vertebrae in a vertebral column 
the hard faces of the vertebrae and can be mounted 25 ^^^^^ comprises a rigid inert annular plug having an 
inside the vertebral disc or along the side of a partially interior and sized and shaped to fit opposed end faces of 
excised disc, or in the disc space of a completely excised vertebrae in a vertebral column and having top and 
. bottom faces with peaks adapted to bite into the end 
I claim as my invention: ..t. ^ ^ on faces of the adjoining vertebrae and valleys between the 
h A prosthetic device to integrate with and support 30 ^^.^^ ^^^^ ^j^^ ^^^-^^ ^ ^^^^^^ 
vertebrae m a vertebral column which compnses a ^^.^^ ^ ^^^^ ^^^^^ vertebrae main- 
plurality of mert generally oval shaped rmgs conform- ^ j ^ 
ing in shape and size with hard end pla es of vertebrae ^^^^^^inir the interior of the plug, 
on which it is to be seated, each of ^^dm^^^ "" ll Su^cTpr^^^^^^^^ 

ridged top and bottom faces adapted to seto^^^^ upstanding internal grooves 

terdigitate with suriaces of adjacent rmgs to form a receivesaid baT 

stack and having peaks to bite into the end plates of adgte^ to r^i^^^ d'vic^seating on hard end plates of 

adjoinmg vertebrae together ^^^^^^ vertebVae k a vertebral cohLi while prLrving 

peaks to receive bone mgrow^ from the vertebrae for ^^^^^^^^ ^^^^ 

brae on which it is to be seated, said plug having periph- 
'TS device of claim 1, wherein the top and bottom «al side «id end «»d b^'^^^f'^f • ^ 

f^oftheHng^fuliymatetogetherwhentheringsare « ^^r^S^^TlL^SlSLS^Tri^^^^^ 

"T A prosthetic device for vertebral fusion which ''1^'' *^T'^v^ '"h'^ ^"VllLTo^^r^d 

compris^ a stack of annular rigid inert plugs having side walls said peaks adapted to be bottom^^^ and 

interiors and interdigitated rid|ed faces holding the bite into the hard end Jf^Jj'^^,^^ 

plugs against displacement m the stack and ridged ex- 50 mountmg means in a peripheral wdl of the plug, sad 

loL L faces for bottoming on adjoining vertebrae. aperture and slot m the plug adapt^to ^P^^^ 

anda comiecting bar extending through the stack hold- bone graft material, and said plug bcmg composed of a 

ing the plugs in aligned position in the stack. radiolucent pkstics material. , . . . 

5. The prosthetic device of claim 4. wherein each of W. A prosthetic device seating on hard end plates of 
the plugs have diametrically opposed internal npstahd- 55 vertebrae in a vertebral column while preservmg 
ing greaves receiving the comiecting bar. healthy disc tissue between the vertebrae which com- 

6. The prosthetic device of claim 4, wherein the plugs prises a ngid mert, annular plug generaUy conforming m 
have an internal connecting bar divides the interiors of shape and size with opposmg hard end plates of vtsrte- 
the annular plugs into side by side compartments. brae on which it is to be seated, said plug havmg penph- 

7. A surgical prosthetic device adapted for fusing 60 eral side and end walls, top and bottom faces, a central 
together adjoimng vertebrae in a vertebral column aperture therethrough between the faces, and a penph- 
which comprises a rigid inert annular plug sized and eral slot in each end wall therein, said end faces havmg 
shaped to fit opposed end faces of vertebrae in a verte- raised ridges with side walls convergmg to peaks and 
bral column and having top and bottom faces with vaDeys between the side walls, said peaks adapted to be 
peaks adapted to bite into the end faces of the adjoining 65 bottomed on and bite into the hard end plate faces of 
vertebrae and valleys between the peaks to receive bone vertebrae, tool mounting means m a peripheral wall of 
ingrowth. Said plug selected from the group consisting the plug, and said aperture and slot in the plug adapted 
of oval and hemi-oval rings, and said plug having a to be packed with bone graft mateirial. 
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14. A prosthetic device seating on hard end plates of 
vertebrae in a vertebral column while preserving 
healthy disc tissue between the vertebrae which com- 
prises a rigid inert annular plug generally conforming in 
shape and size with opposing hard end plates of verte- 5 
brae on which it is to be seated, said plug having periph- 
eral side and end walls, top and bottom faces, a central 
aperture therethrough between the faces, and a periph- 
eral slot therein, said end faces having raised ridges with 
side walls converging to peaks and valleys between the 10 



side walls, said peaks adapted to be bottomed on and 
bite into the hard end plate faces of vertebrae, tool 
mounting means in a peripheral wall of the plug, said 
aperture and slot in the plug adapted to be packed with 
bone graft material and said plug having an anterior 
portion higher than the posterior portion to provide a 
wedging effect when inserted into position between the 
hard end plate faces of the vertebrae. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



UNTIED STATES PATENT AND TRADEMARK OFHCE 
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iNVENTOR{S) : John W. Brant igan 

!t is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 



Column 8: 

Claim 8, line 11 "a annulus" should read — annulus — . 



line 14, 



and faces" should read — end faces — . 



Signed and Sealed this 
Thirtieth Day of August, 1994 



Attest: 




BRUCE LEHMAN 



Attesting Officer 
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